The flowmoter described is a turbine which can be driven by the bloodstream. In the turbine is a magnet which induces a recordable signal in an adjacent coil. The flowmeter records pulsating flow as well as steady flow; it is insensitive to temperature and wide variations of blood viscosity. The pressure drop is rather high. The baseline and calibration are steady over long periods of time. The flowmeter has been successfully used for continuously recording the systemic output in the dog. T HE NEED for a reliable means of continuously recording total systemic blood flow in the dog led the authors to investigate the performance characteristics of an industrial type of flowmeter. This report will present a description of the metering unit, its performance characteristics, and considerations of its utility and limitations, based on two years of use in the laboratory.
DESCRIPTION OF INSTRUMENT
The Electroturbinometer is shown in figure 1 . It consists of a stainless steel turbine suspended in the center of a Incite tube by means of three circular stainless steel spring clips at each end of the tube. The latter are not bearings, but simply serve as guides to hold the turbine in the central position when there is no flow. Contained within the turbine is an Alnico permanent two-pole magnet. The rotation of this magnet in the field of the adjacent but externally placed coil produces an alternatingcurrent, the frequency of which is a function of the speed of the rotor. With the appropriate intermediate electronic system* this can be made to trace on any suitable recording device-The electromotive force generated by the rotating magnet is not the signal that is recorded, for, were that the case, the position of the external coil in relation to the rotating magnet would be critical. What is recorded is the number of rotations of the turbine-magnet per unit of time and this phenomenon is uninfluenced by the distance between turbine and coil. The intermediate electronic system also contains a Veeder-Root counter which can be used to total the number of turbine revolutions per unit of time if a suitable recording device is not at hand. This counter also makes a clearly audible click for each count and thus anyone in the room is kept informed about the dog's cardiac output while engaged in other activities.
The means by which the necessity for turbine thrust bearings has been eliminated is shown in figure 1. Due to the inverted Venturi effect, the static pressure at point C is higher than at point B, thus bringing the turbine upstream as flow begins. Upstream travel of the rotor is limited by the slightly larger diameter of the leading edge of the rotor cone.
The concept of using a turbine as a flowmeter is not new. What appears to be novel in this type of turbinometer is the fact that all bearings have been eliminated. This is a salient advantage since the thrust bearings on conventional turbines produce mechanical difficulties, namely that the variation of the relationship between the turbine spindle and the thrust bearing changes its calibration.
Circulation Research, Volume /, July 1958 METHOD Water calibrations with a steady flow were obtained by connecting tubing from a 40-gallon drum on the floor above to the Electmturbinometer and regulating flow therefrom by means of a screw clamp. Pulsating flow calibrations at varying pulse rates were obtained with a pump system. Care was taken to avoid regurgitation. The pulsatility of flow was varied by rearranging the pump's stroke volume and the resistance of the outflow tubing. The temperature of the fluid being calibrated was measured with a mercury thermometer in the outflow or collecting reservoir. The effects of viscosity were determined by first calibrating with whole beef blood and then with appropriate dilutions thereof, the dilutions being made with isotonio saline. Hematocrit and viscosity determinations were Effect, of Temperature. Figure 2A shows the effect of varying temperature from 22 to 40 C. on the water calibration.
Effect of Changing frmn Steady to Pulsating Flmo. Figure 2B shows the calibrations obtained with steady flow and with pulsating flow at pulsation rates of from 40 to 170 per minute. No attempt was made to maintain constant pulsation amplitude from calibration to calibration. Contrariwise, the flow was regulated in such a way as to produce great variations in pulsatility.
Effect of Varying Viscosity. Figure 2C shows the comparison of calibration curves obtained with water, with whole beef blood and with SPHINO CLIPS
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Fra. 1. The Potter Electroturbinomoter. See text. mude on the bkxxl used in each calibration at the temperature at which the calibration had been made. Viscosity data are pi'esented in centipoises. The pressure drop per unit of flow was measured by placing identical lateral apertures in the tubing just proximal and just distal to the Electroturbinometer and recording these simultaneously with varying rates of flow.
The blood was rendered incoagulable by the use of Treburon* given intravenously as an initial dose of 30 mg. per kilogram and 125 mg. every 45 to 60 minutes thereafter.
RESULTS
The results reported here were obtained mostly with the % inch unit.
* Obtained through the courtesy of Dr. Elmer L. Sevringhaus, Hoffmann-LaRoche, Inc., Nutley, N. J. two dilutions thereof. The hematocrits and viscosities are shown for each blood calibration.
Pressure Drop at Varying Rales of Flow for the % Inch and Yi Inch Units:
The pressure drop across the % inch and \$ i n ch units for varying rates of flow may be seen in figure 2D .
Comparison of tiic Effect of Changing Pulsatility on the Recording Rotanieter and the EUct.roturbinometer. A typical tracing is shown in figure 3 wherein a simultaneous record was made of flow through a recording rotameter of Shipley and Wilson 1 used without a "buffer" bottle, and the Potter Electroturbinometer placed in series with it. At the arrow, the outflow resistance between the pump and the two recording flowmeters was increased. This had the effect of (a) decreasing the measured crease in pulsatility and also correctly showed flow from 3440 to 3030 cc. per minute and (b) the measured decrease in flow. decreasing pulsatility. Under these conditions Calibralion Stability. Routine water calibrathe recording rotameter showed the decrease tions performed after dog experiments between in pulsatility but showed a false increase in Oct. 30, 1952, and Jan. 16, 1953, did not show flow. The Electroturbinometer showed the de-any significant variation. The correlation factor on five subsequent calibration runs with water done on Feb. 8, 1953, was found to be 0.99. The correlation factor on three subsequent calibration runs with beef blood of hematoerit 46 per cent was 0.99.
DISCUSSION
From the calibrations shown hi figure 2C it is clear that the water calibration does not correspond with the whole blood calibration. However correction for this difference, is readily dog at the end of the experiment does not suffice for accurate calibration of the higher flow rates (up to 4 or 5 liters per minute). It is of interest, that although the water calibration is not quite linear in the lower ranges, the calibration with blood does show linearity.
The baseline of the instrument has been very stable. Only on rare occasions has it varied as much as one-half millimeter (scale width is 40 mm.). On these occasions circumstances have been such as to suggest that the paper made once the basic data are available. Further, a variation in blood viscosity or hematoerit within a wide range does not change the calibration. Significant deviation from the blood calibration isencountered only when blood viscosity falls to or below 1.7 centipoise corresponding to a hematoerit of 22 per cent. In the absence of massive saline infusions, values below this level are rarely encountered. Thus, simple water calibration suffices for everyday use. This is a significant advantage in view of the fact that the amount of blood one can collect from the tramp or amplifier voltage of the recorder has been at fault rather than the Electroturbinometer or integrator circuit. Further, range selection by means of either the "multiplier" or "compensator" does not displace the baseline, so that gross range selection and fine modification thereof can be changed in the middle of an experiment without interrupting flow. This eliminates the need for a flowmeter by-pass required with the rotameter for checking and readjusting the baseline. With the rotameters use<l in our laboratory, baseline shift has been a significant problem.
It can be seen from figures 2A and 2C that temperature changes in the range likely to be encountered have no effect on the performance of the Electroturbinometer.
Of considerable importance is the fact that the above described fiowmeter appears to record pulsating flow with little deviation from the steady flow calibration at rates ranging from 40 to 170 pulses per minute.* First of all, this eliminates the necessity for employing the complex reacts quite differently in terms of reflex cardiovascular regulation when presented with (a) steady flow and (b) pulsating flow with the same mean pressure.
The size of the % inch Electroturbinometer (60 by 11 by 11 mm.) is such as to make it feasible to attempt to enclose it entirely within" the chest together with the by-pass connection used to make it register total systemic blood flow.
Other than the difficulties mentioned above, the unit has given trouble-free performance MM. 
SYST. FLOW
FICI. 4. Sample tracing from dog experiment. At signal a clamp partially occluding the aorta was released. Noto the dropped boat in the pressure tracing and the accompanying irregularity in the systemic blood flow. Systemic blood flow is electrically integrated (lower tracing) giving flow in liters per minute.
"buffer" bottle commonly used with the rotameter. This in turn appreciably diminishes the circulatory "dead space" required in the set-up and also eliminates the shift of blood volume from animal to "buffer" bottle and vice versa with changes in arterial pressure. Second, when the recording rotameter is used and the "buffer" bottle is used in series with it, the flow distal to the recording rotameter is steady rather than pulsating. Ead and colleagues recently presented data 2 demonstrating that the carotid sinus vasomotor center * Lower and higher rates have not been examined. over a period of two years. No special care is required after use; it is simply rinsed with tap water (not dried) and put away until the next experiment. On several occasions it has been dropped on the floor with no apparent damage. Since it was originally designed to withstand trauma (airplane vibration, supersonic speeds, fuel metering in rockets, etc.) this is not surprising.
The Electroturbinometer has three disadvantages at the present time. First, in common with other flowmeters which involve blood vessel interruption, it requires the use of an anticoagulant. Second, although the Yi inch unit has an acceptably low pressure drop (similar to the 0 to 4 liter recording rotameter), the }/2 inch unit does not record low enough flows to be useful for registering total systemic flow except in large dogs. The % inch unit, the data from which have been presented above, does record over the proper range but its resistance is higher than desirable, especially at flows above 2 liters per minute. While this has not been a significant handicap for the experiments in which it has been thus far used, the authors clearly recognize the advantages of decreasing the resistance. To this end the manufacturer's redesign of the unit is now under way in terms of modifying the number of rotor blades, their angle and the double cone on the forward part of the turbine. Last, inaccuracies in flow measurements will be introduced when backflow is present.
For the technic by which the Electroturbinometer is connected to the dog's aorta and brachycephalic artery for the measurement of total systemic blood flow, the reader is referred to earlier publications. 3 " 5 A sample tracing from one dog experiment is shown in figure 4 . SUMMARY AND CONCLUSIONS 1. Performance data on the Potter Electroturbinometer have been presented which demonstrate that this may be a useful and reliable instrument in the recording of total systemic blood flow in the dog.
2. The instrument records pulsating flow faithfully, thus eliminating the need for a "buffer" bottle.
3. Its performance is independent of temperatures varying from 22.0 to 40.0 C. 4. Its blood calibration is different from its water calibration but the blood calibration remains unchanged over a relatively wide range of changes in blood hematocrit and viscosity. This makes it feasible to calibrate with water after each experiment and correct to the blood curve.
5. Calibrations are steady from month to month.
6. The instrument is compact, rugged, requires no special care and, at least in our hands, has given trouble-free performance over long periods of time with frequent use.
7. It has a stable baseline and a wide range of sensitivity so that appropriate range selection can be made at any time without a baseline change.
8. Its disadvantages are that it requires heparinization of the dog and that its resistance is higher than desirable. The latter, it is hoped, will be diminished by appropriate redesign. ADDENDUM Since the preparation of this manuscript, an attempt has been made to connect to the pickup coil an electronic system about the size of a walnut by means of which the signal from the electroturbinometer can be broadcast from within the animal to an external receiver. It is hoped this will make possible observations on the closed-chest, uuanesthetized dog during exercise, etc. Details of this development will be published subsequently.
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